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Abstract 

Background: Delayed sternal closure (DSC) after cardiac surgery is a therapeutic option in the treatment of the 
severely impaired heart in pediatric cardiac surgery. The results with the technique of DSC over a 4-year period are 
examined with regard to mortality and morbidity. 

Methods: We retrospectively reviewed records of 38 patients who had undergone DSC among 1 100 congenital 
cardiac operations. Indication of DSC, time to sternal closure, pre and post closure cardiopulmonary and metabolic 
status, mortality, rate of wound and bloodstream infections were recorded. 

Results: The mean sternal closure time was 2.9 days. The mortality rate was 34.2% (n = 13). Twenty (52.6%) patients 
required prolonged antibiotic use due to postoperative infection. There was gram negative microorganism 
predominance. There were 4 (10.5%) patients with postoperative mediastinitis. Postoperative infection rate 
statistically increased with cardiopulmonary bypass time (CPB~0, sternal closure time (SCT) and intensive care unit 
(ICU) stay time (p = 0.039;p = 0.01;p = 0.012). On the other hand, the mortality rate significantly increased with 
increased cross clamp time (CCD, SCT, and extracorporeal membrane oxygenation (ECMO) use (p = 0.017; p = 0.026; 
p = 0.03). Single ventricular physiology was found to be risk factor for mortality in delayed sternal closure (p< 0.007). 

Conclusions: Elective DSC does not reduce the morbidity. The prolonged sternal closure time is associated with 
increased rate of postoperative infection rate; therefore early closure is strongly advocated. 
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Background 

Open chest management and delayed sternal closure 
(DSC) after cardiac surgery is a therapeutic option in the 
treatment of the severely impaired heart especially in 
pediatric cardiac surgery. In the early days of cardiac 
surgery, primary closure of the sternum at the end of 
the operation was mandatory because of the concern of 
mediastinal infection. DSC is now accepted as a thera- 
peutic tool in the management of hemodynamically un- 
stable patients where cardiac compression by sternal 
closure is not tolerated. 

Sternal closure has been shown to result in a signifi- 
cant decrease in cardiac output and diastolic filling, 
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despite preserved velocity of fiber shortening, even in 
patients with good cardiac performance [1]. This pro- 
cedure, with optimal inotropic and ventilatory assistance, 
can provide the necessary interim support vital for ul- 
timate survival. 

The application of the technique varies among differ- 
ent centers to the degree that while a few centers delay 
the sternal closure routinely either in all neonates or for 
certain pathologies, whereas others do not apply the 
technique. We present our results with the technique of 
DSC over a 4-year period to examine the outcome with 
special regard to mortality and morbidity. 

Methods 

We retrospectively reviewed records of 1100 congenital 
cardiac operations performed between July 2007 and 
September 2011. 1011 operations were performed with 
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median sternotomy. 38 (3.45%) patients who had 
undergone DSC were enrolled in the study. DSC was 
used after elective median sternotomy in all of the 
patients. The patients' cardiac pathologies are listed in 
Table 1. 

Indication of DSC, time to sternal closure, pre and 
post closure cardiopulmonary and metabolic status in- 
cluding mean heart rate, systolic blood tension, left atrial 
pressure, lactate level and inotrope score, ventilator sup- 
port duration, mean intensive care unit (ICU) and mean 
hospital stay times were recorded. Inotrope score was 
calculated such that dopamine, dobutamine were assigned 
a score of 1 per ug/kg/min administered, milrinone and 
adrenaline was assigned scores of 10 and 100 ug/kg/min, 
respectively. A patient receiving dopamine at 5 ug/kg/min 
concurrently with milrinone at 0.5 ug/kg/min and adren- 
aline at 0.1 ug/kg/min was calculated to have an inotrope 
score of 20 ([1x5] + [10x0.5]+ [100x0.1]). Pediatric ICU 
mortality, wound infections, and bloodstream infections 
were recorded. The patients who had been treated for ster- 
ile wound infection (SWI), deep sternal wound infection 
(DSWI) and other infections were noted. SWI was defined 
as inflammatory changes and non-purulent drainage on the 
sternal incision confirmed with clear cultures. DSWI was 
defined as the presence of pus in the retrosternal space and 
isolation of organisms from retrosternal cultures 
obtained at revision operations or debridement. The 
patients with SWI, DSWI and other infections along 
with the organisms detected from cultures were 
summarized in Table 2. Delayed sternal closure 
(DSC) is defined as delaying the sternal closure ei- 
ther as a principal method or after failure of one or 
several trials of closure at the end of the operation. The 



Table 1 The diagnosis and distribution of the exitus 



Diagnosis 


Number of 
patients 
(n = 38) 


Number of 
Deceased Patients 
(n = 13) 


HLHS 


7 


7 


TGA 


9 




TGA + VSD 


10 




CAVSD 1 


CAVSD + TA 1 1 


TAPVC 


4 


2 


TOF 1 1 


DORV 1 1 


AO INTER 1 


VSD 


3 


1 



Table 1 demonstrating the cardiac pathologies of the patients. (HLHS: 
Hypoplastic Left Heart Syndrome; TGA: Transposition of Great Arteries; VSD: 
Ventricular Septal Defect; CAVSD: Complete Atrioventricular Septal Defect;TA: 
Tricuspid Atresia; TAPVC: Total Anomalous Pulmonary Vein Connection; TOF: 
Tetralogy Of Fallot; DORV: Double Outlet Right Ventricle; AO INTER: Aortic 
Interruption). 



main reason for leaving the sterna open at the end of the 
procedures was low cardiac output. 

All patients were operated on had a cardiopulmonary 
bypass (CPB) with or without aortic cross-clamping. The 
CPB was performed with a basic flow of 2.5 1/min per 
m 2 . Myocardial preservation was performed by antero- 
grade blood cardioplegic solution. We used normother- 
mic blood cardioplegia with warm induction and 
reperfusion. The average interval between the cardiople- 
gia doses was about 15 min. The ultrafiltration was used 
during CPB and after CPB (modified ultrafiltration) in 
all cases. 

Following the termination of cardiopulmonary bypass, 
the patients with unstable hemodynamics (low blood 
tension, rhythm disturbances, high left atrial pressure) 
were left with chests open for 45-60 minutes until the 
hemodynamic parameters recovered. In these patients 
sterna were left open: 

1. If high inotropic support were needed (>5 [ig/kg/min 
dopamine, >0.5 (ig/kg/min milrinone and >0.2 (ig/kg/ 
min adrenaline), 

2. If the blood lactate level was above 5 mmol/L in the 
arterial blood gas and showed incline in consecutive 
measurements, 

3. If mean and systolic blood pressures were less than 
45 and 55 mmHg, respectively. 

In case of failure of the trial using the chest retractor, 
a rigid plastic material (we usually use the plastic holder 
of the sutures and trim them according to the size of the 
sternum) was fixed in place to keep the chest widely 
opened and an airtight synthetic transparent patch, usu- 
ally 2 layers of nylon serum bag, was used to cover the 
sternal gap which is sutured to the skin with running 
polypropylene sutures. The dressing was changed in ICU 
in a totally aseptic manner every day. In some cases 
sterna were left open but skins were closed primarily. 
The patient is evaluated for sternal closure on daily 
basis. If a stable hemodynamic condition; a negative total 
fluid balance and an improvement of the respiratory dy- 
namics and arterial blood gases; and decrease in blood 
lactate level in the last 24 hours were maintained, then 
the patient was taken to OR for closure trial. The trial of 
closure was identical to the intraoperative trial. Before 
each trial, two mediastinal swabs for culture were taken. 

In the case of a successful trial, the sternum was 
closed with steel wires and the deep subcutaneous tissue 
also with absorbable suture. The skin was then closed 
with separated interrupted vertical mattress sutures. 
However recently we start to delay sternal closure 1 to 
2 hours during the initial operation in cases with limited 
hemodynamics. In the interim we administer diuretics 
and apply lower tidal volume. The number of cases in 
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Table 2 Postoperative infection data 


Patient no 


Diagnosis 


Site of infection 


Organism detected 


Result 


1. 


VSD 


Blood 


Staf A 


EX 


2. 


HLHS 


Blood 


Klebs P 


EX(LCO) 


3. 


HLHS 


Blood 


Staf A 


EX 


4. 


HLHS 


Blood 


Enterococ A,Staf A 


EX 


5. 


TOF 


Blood 


Klebs P,Staf A 


EX 


6. 


HLHS 


Blood 


VRE, Candida A 


EX (LCO) 


7. 


TAPVC 


Blood 


Acinetobac 


EX 


8. 


TAPVC 


Blood 


Staf A,Candida A 


EX 


9. 


HLHS 


Blood 


Candida A, Acinetobac,VRE 


EX 


10. 


TGA 


Sputum 


Candida A 




11. 


TGA 


Blood 


VRE 




12. 


TGA 


Sternum(SWI) 


SWI 




13. 


TGA 


Sternum(SWI) 


SWI 




14. 


CAVSD 


Sputum 


Acinetobac 




15. 


TGA + VSD 


Sternum(SWI) 


SWI 




16. 


TGA + VSD 


Sternum 


Enterobact A 




17. 


TGA 


Blood/Sternum (SWI) 


Candida A 




18. 


TGA 


Sputum 


Acinetobac 




19. 


TGA 


Blood/Urinary inf 


Staf A/Enterobact A 




20. 


VSD 


Sternum(SWI) 


SWI 




21. 


TGA + VSD 


Sternum 


Klebs P 




22. 


AU IN I bn 


Blood 


Klebs r 




23. 


TGA + VSD 


Sternum 


Enterobact A 




24. 


TGA 


Blood 


Klebs P,Pseudomonas A 




25. 


TGA 


Urinary inf/Sternum(SWI) 


Klebs P 




26. 


TAPVC 


Blood/Sputum 


Staf A/Pseudomonas A 




27. 


TGA + VSD 


Sputum 


Pseudomonas A 




28. 


TGA + VSD 


Blood 


Enterobact A 




30. 


TGA + VSD 


Sternum 


Staf A 





Table 2 showing site of infection and the detected organisms with the clinical outcome after treatment. (Urinary inf: Urinary infection; Staf A: Stafilococcus Aureus; 
Klebs P: Klebsiella Pneumonia; Enterococ A: Enterococcus Aeruginosa; VRE: Vancomycin resistant Enterococcus; Acinetobac: Acinetobacter; Enterobact A: 
Enterobacter Aerogenes; Candida A: Candida Albicans; SWI: Sterile wound infection; Pseudomonas A: Pseudomonas Aeruginosa;EX: Exitus); LCO: Low cardiac 
output. 



whom we achieved to close the sterna primarily with this 
manipulation has increased lately. 

Our routine antibiotic prophylaxis was cephazoline 
50 mg/kg at the induction of anesthesia and 50 mg/kg 
on the bypass, then switching to vancomycin 40-60 mg/ 
kg/day and imipenem 100-150 mg/kg/day, the dosages 
were adjusted according to the renal functions in case of 
DSC until the removal of drains. The antibiotic regimen 
was then changed according to the cultures. 

Statistical analysis 

The data were compared with a two-tailed paired £-test. 
Comparisons between groups of unequal populations 
were achieved with use of a two-tailed unpaired £-test 
assuming unequal variances or the Wilcoxon rank sum 



test, or with both tests. Univariate analysis and multi- 
variate logistical regression were used to determine pre- 
dictors for DSC. A value of p<0.05 was considered 
significant. Analysis was performed using SPSS 16.0 
(SPSS Inc, Chicago, IL). 

Results 

There were 38 patients who were enrolled in the study. 
15 (39.5%) patients were female and 21 (55.3%) patients 
were male. The mean age was 38.5 ± 85 days (4 to 510). 
The mean body weight was 3488.2 ± 940 grams (2100 to 
7700). There were no reoperations and no history of 
previous sternotomy. There was only one patient with 
preoperative infection. The mean ASA score was 
3.4 ±0.48 (14 patients had ASA score of 4). The mean 
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cross clamp time (CCT) was 77.7 ±31.8 minutes (27 to 
174) and the mean cardiopulmonary bypass time (CPBT) 
was 180.9 ± 62.3 minutes (20 to 309). 5 (13.2%) patients 
had ECMO in the postoperative term. 27 (71.1%) 
patients were weaned from ventilator support. The mean 
duration of ventilation was 16.7 ±33 days (3 to 201). 
The mean length of stay in the intensive care unit was 
26.8 ± 40.3 days (4 to 208) and the mean hospital stay 
time was 36,7 ±43.8 days (4 to 245). The mean sternal 
closure time was 2.9 ±2.3 days (16 hours to 10 days). 
The mean follow up time was 153.2 ± 194.7 days (15 to 
1020 days). The mortality rate was 34.2% (n = 13). 

Twenty (52.6%) patients required prolonged antibiotic 
use due to postoperative infection. The most common 
microorganism detected was Enterobacter aerogenes 
(20%) and Klebsiella Pneumonia (20%). Gram negative 
microorganisms were detected more than gram positive 
organisms (13 patient vs 3 patients). Six (15.8%) children 
had minor wound dehiscence and sterile mediastinal dis- 
charge (sterile wound infection), which subsequently 
healed by secondary intention, however there were 4 
(10.5%) patients with postoperative mediastinitis with 
positive wound swabs requiring surgical reexploration 
and antibiotic treatment. There was gram negative pre- 
dominancy in the sternal cultures (Table 2). Thirteen 
(34.25%) patients died during the treatment. Three 
(7.9%) among these 13 patients couldn't have been reop- 
erated for sternal closure. The mortality was related to 
sepsis in 7 (18.4%), low cardiac output syndrome in 5 
(13.2%) and to sudden cardiac death in 1 (2.6%) patient. 

Sternum closure time (SCT) was significantly longer 
in patients with longer cardiopulmonary bypass time 
(CPBT) (p = 0.043). The relationship between SCT and 
lactate level before sternal closure was significant 
(p = 0.031). Low patient weight was significantly related 
to longer cross clamp time (CCT) (p = 0.036). The lactate 
level after sternal closure was significantly higher than 
the lactate level before closure (mean 2.73 ±2.8 and 
8.16 ± 1.3 mmol/L, respectively; (p = 0.01). The blood ten- 
sion significantly increased after sternal closure (mean 
blood tension before and after closure: 66.3 ±11.3 and 
76.4 ± 14.9 mmHg, respectively (p = 0.001) and the ino- 
trope score significantly decreased after closure (mean 
inotrope score before and after closure: 34.6 ±21.5 and 
25.2 ± 14.8, respectively (p = 0,0). However the difference 
between heart rate and left atrial pressures determined 
before and after sternal closure was statistically 
insignificant. 

Postoperative infection rate statistically increased with 
CPBT, SCT and ICU stay time (p = 0.039;p = 0.01; 
p = 0.012). The relationship between mediastinitis and 
patient age, patient weight, patient gender, CPBT, CCT, 
ICU stay time and ECMO use were statistically insignifi- 
cant. There was statistically strong relationship between 



longer SCT and increased rate of mediastinitis 
(p = 0.015). The total number of mediastinitis cases was 
12 (1.09%) where 4 cases were among 38 DSC cases 
(10.5%). The mediastinitis rate was 0.72% when the DSC 
group was excluded. The difference between the rates of 
mediastinitis in two different techniques is statistically 
significant (p = 0.0008). 

There was no significant relationship between mortal- 
ity and patient age, patient weight, CPBT, ICU stay time. 
On the other hand, the mortality rate significantly 
increased with increased CCT, SCT, and ECMO use 
(p = 0.017; p = 0.026; p = 0.03). Single ventricular physi- 
ology was found to be risk factor for mortality in delayed 
sternal closure (p < 0.007). 

Discussion 

Open sternotomy and DSC is a surgical technique that 
has been used in children to facilitate postoperative re- 
covery. Cardiac compression, which may occur at the 
time of sternal closure, can lead to decreased cardiac 
output and hemodynamic instability. Riahi and collea- 
gues were the first to point out the problem of post- 
operative cardiomediastinal disproportion in 1975 [2]. 
Surgical manipulation of the heart leading to swelling in 
the pericardium and/or the pericardiomediastinal space, 
bleeding at the end of CPB, significant increase in heart 
size with severe ventricular dysfunction, reperfusion 
related myocardial edema and relentless arrhythmias are 
all severe complications of cardiac operations that pre- 
clude the sternum to be closed [3-5]. They are often 
associated with a prolonged perfusion time and poor 
myocardial preservation [3]. Treatment by DSC provides 
time for recovery of myocardium and for treating the 
bleeding complications. 

The potential for benefit from DSC is greater in small 
children, because of a larger cardiac size relative to the 
thoracic cavity. The utility of DSC in children has be- 
come evident over the last two decades. While shifting 
from palliative to earlier corrective surgery, procedures 
with longer CPB times on younger patients and DSC 
have become more common. Furnary and colleagues 
have recently demonstrated after re-openning the sternal 
incision, up to 59% increase in cardiac index and 18% 
rise in systemic blood pressure, without significant 
change in cardiac filling pressures could be obtained [3]. 
It has been suggested that DSC can be used to prevent 
the development of low cardiac output state [6]. Some 
of the pediatric cardiac surgery programs currently use 
an "elective sternal opening from the operating room" 
strategy for patients with marginal hemodynamic pro- 
files. In many pediatric institutions it is routine to leave 
the sternum open prophylactically following long opera- 
tions or specific procedures such as Norwood I for 
hypoplastic left heart syndrome [7]. 
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The optimal time to sternal closure remains unclear. 
In all cases the decision is being made usually by person- 
ally based criteria which are highly subjective. There are 
surgeons who generally leave the sternum open for at 
least 3 days, and close it any time from 2 to 14 days 
postoperatively [7,8]. There are also others who have ag- 
gressive approach to DSC, aiming for closure within 
24 hours [9]. We don't have strict criteria for the timing 
of the sternal closure. We don't want to prolong the 
closure time over 3 days for infection purposes; however 
we usually close the chest when the patient becomes 
hemodynamically stable. In fact SCT prolonged up to 
10 days in one of our patient who was then died to 
septicemia. The mean SCT in our study was 2.97 days. 

Many techniques for the maintenance of an open ster- 
num have been described in the literature including dir- 
ect closure of the skin, or adaptation of the skin with a 
latex membrane (Esmark Bandage) sewn to the skin 
edges or VAC treatment [10] .We prefer a transparent 
nylon serum bag. It is easy to handle, cheap and helps 
monitor the bleeding and clot evacuation to avoid 
tamponade. 

Potential risks of delayed sternal closure include sep- 
sis, mediastinitis, bleeding, and late sternal instability. 
Infectious complications are already well-known contri- 
butors to postoperative morbidity and mortality after 
pediatric open heart surgery [8]. Kagan and colleagues 
demonstrated that an American Society of Anesthesiolo- 
gists score of 4 or greater was risk factor for develop- 
ment of mediastinitis [11]. Tabbutt found mortality as 
19%, surgical site infection as 6.7% and mediastinitis as 
3.9% in his study of delayed sternal closure in pediatric 
patients. [8]. Shin reported postoperative infection and 
sterile wound dehiscence rate in DSC patients as 11% 
and 9%, respectively [12]. These sternal wound infec- 
tions have been associated with longer postoperative stay 
[8,13-15]. The group of patients undergoing DSC are 
believed to have an increased risk for infection because 
they have predisposing factors such as: prolonged CPB 
time, low cardiac output, massive transfusion and the 
need for multiple re-explorations of the chest. A review 
of the literature reveals that the incidence of wound in- 
fection after DSC is generally less than 10% [8]. Some 
have reported that DSC is not associated with an in- 
crease in surgical site infections [6,8,14,16-19], besides 
some authors claim that wound complications are 
reduced in DSC technique [20]. Others report DSC as a 
significant risk factor for bloodstream and surgical site 
infections [8,13]. Das reported a fourfold increased risk 
of developing bloodstream infection in the DSC group. 

In Woodwards' study determining the rate of mediasti- 
nitis among the pediatric cardiac centers, 38 (43%) of 
the 89 centers were enrolled in the study. Woodwards 
reported 8,774 pediatric congenital procedures with a 



mean mediastinitis rate of 1.53%. The study concluded 
that DSC was not associated with increased incidence of 
mediastinitis. Variations in preoperative measures, anti- 
biotic regimens, and wound care among these centers 
didn't statistically influence the incidence of mediastini- 
tis [21]. Between July 2007 and September 2011, 1100 
pediatric cardiac operations were performed in our cen- 
ter. The total number of mediastinitis cases was 12 
(1.09%) in our cohort in which 4 cases initially had 
undergone delayed sternal closure [4 out of 38 DSC 
cases (10.5%)]. The difference between the rates of med- 
iastinitis in two different techniques is statistically sig- 
nificant. Unlike Woodwards and colleagues, we detected 
strong correlation between DSC and mediastinitis in our 
study. 

It should be kept in mind that most studies of DSC, 
including ours, have evaluated children of all age groups 
along with the younger infants who may well be at a 
higher risk of septic complications. When the mean ages 
of mediastinitis cases in our center were compared, the 
mean age in DSC group is less than the mean age of the 
rest of the mediastinitis cases (23 to 342.5 days); how- 
ever the difference was not found to be statistically 
meaningful due to high standard deviation (p = 0,248). 
However, age was not shown to be risk factor for med- 
iastinitis in this study, instead SCT was associated with 
increased rate of mediastinitis. CPBT,CCT and ICU stay 
time were not related to mediastinitis risk. 

Prolonged SCT was also shown to be a risk factor for 
postoperative infection. The infants with open chest are 
potentially critically ill for a variety of reasons that led to 
DSC. This may itself be a factor contributing to pro- 
longed ICU stay which we also showed to be strongly 
related with high rate of postoperative infections in our 
study. The most common microorganism we isolated 
from the cultures was gram negative which is in agree- 
ment with the literature [8,13,21]. 

Our study showed that longer durations of CPB and 
cross clamp was associated with longer SCT and high 
lactate levels before closure indicating the negative com- 
promise of CPB on hemodynamics. With respect to 
changes in key physiologic parameters over time, we 
found that although mean heart rate and left atrial pres- 
sures were unchanged, mean blood pressure increased 
and inotrope score decreased in 12 hours after sternal 
closure which was in contradiction with Tabbutt and 
Horvath's studies suggesting decrease in hemodynamic 
performance after sternal closure [8,22]. 

Conclusion 

Use of DSC is an important management strategy for 
congenital cardiac surgery, particularly for very young 
infants who undergo meticulous and long cardiac proce- 
dures. Elective DSC does not reduce the morbidity but it 
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confirms the safety and efficacy of the cardiac procedure. 
However, DSC in single ventricle physiology was shown 
to be associated with increased mortality. Instead of 
delayed sternal closure, ECMO or assist device may be 
preferred in this group of patients. The prolonged ster- 
nal closure time is associated with increased rate of post- 
operative infection rate; therefore early closure is 
strongly advocated. However we believe it is crucial to 
demonstrate hemodynamic stability and decide for the 
optimal timing on case-by-case decision. 
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